We evaluated three methods (two indirect and one direct) for determining the magnesium (Mg) and zinc (Zn) content of erythrocytes, to compare methodologic differences and to establish a method suitable for use in field studies. For the indirect methods, erythrocytes in whole blood were lysed by adding either de-ionized water (I) or nitric acid, 2 mol/L (II).
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The importance of the divalentcations magnesium (Mg) and zinc (Zn) in human nutrition was clearly established years ago (1) (2) (3) , but development of methods for accurately assessing their stores in the body and their status in humans has proved difficult. Their measurement in a single biologial compartment has not been satisfactory for assessing deficiency states, because individual compartments may be depleted over different time periods and are affected by factors other than diet (4, 5) . Thus, the identification of compartments for detecting Mg and Zn deficiency states remains a current interest.
The Mg and Zn content of erythrocytes has been measured in various populations to determine whether it is a useful indicator of nutrient status (1) (2) (3) (4) (8) , chronic lymphocytic leukemia (1), and premenstrual tension syndrome (9). In hyperthyroidiszn Zn content of the erythrocyte is lower than in euthyroid subjects (6), whereas in chroniclymphaticleukemia erythrocyte Zn and Mg are increased (1). Erythrocyte Zn also may be above normal in hypertensive patients (8). Finally, erythrocyte Mg has been reported to be significantly decreased in women with premenstrual tension syndrome (9) . Thus, assays of erythrocyte Mg and Zn may be useful and important clinical measures, as well as indicators of their abundance in the body generally.
Published methods for measuring these analytes in erythrocytes vary widely. In many studies the Mg content of the cell was measured indirectly: the Mg concentration in whole blood and plasma is measured, and the content in erythrocytes is calculated by the difference (9-11). In contrast, erythrocyte Zn is almost always measured directly: the erythrocytes are separated from whole blood and the resulting pellet is digested and assayed (12) (13) (14) (15) . Unfortunately, the separation procedures are time consuming and unsuitable for field studies, where laboratory equipment is limited.
Further, such a procedure is usually not feasiblefor usewith large numbers of subjects sampled at one time.
For these reasons, we compared three procedures for determining the Mg and Zn content of erythrocytes: two indirect methods and onedirect method. The indirect methods involved measuring the Mg and Zn concentrations in plasma and whole blood after the erythrocytes in whole blood had been lysed with either de-ionized water (which was used throughout; see below) or 2 moL'L nitric acid. The direct method involved washing and separating the erythrocytes from plasma, platelets, and leukocytes, then digesting the erythrocyte pellet in concentrated HNO3. We report the within-run precision, the reproducibility, analytical-recovery data, and agreement among these three methods. The water used for preparing the solutions and samples was processed through a reverse-osmosis system and then continually recirculated through the following activated carbon beds, mixed-resin beds, and 0.2-pm (pore size) particle filters. Just before use, the water was passed through a small mixed-resin bed distal to the faucet. The purity of the water (in terms of resistivity) is ordinarily about 18 mfl.
Materials and Methods

Apparatus
Procedures
Blood was sampled into plastic syringes that had been checked for trace-metal contamination. Portions of the blood specimen were transferred into three differently coated tubes: (a) EDTA tubes for blood-cell counts; (b) lithium heparin tubes for cation determinations in plasma and erythrocyte pellets; and (c) a polypropylene tube with no anticoagulant, for whole-blood analyses. Hematocrit (Hct) was determined in triplicate in microcapillary tubes centrifuged for 5 mm at 25 000 x g. Hemolyzed samples were always discarded Indirect methods. Transfer, without delay, 0.5-mL aliquota of whole blood from tubes with no anticoagulant into a tube containing 1.5 mL of water and into another containing 1.5 mL of HNO3, 2 molIL. Vortex-mix, then store the tubes with the contents frozen, until analysis. After thawing, but before determination of Mg and Zn concentration, dilute the samples fivefold with water (final total dilution, 20-fold).
Direct method. Separate erythrocytes from plasma, platelets, and leukocytes as described elsewhere (16). Briefly, after several washings to remove platelets, layer the erythrocyte and leukocyte suspensions over Isolymph and separate by centrifugation (400 x g, 40 mm). Aspirate the Isolymph and the remaining neutrophils, and wash the eiytbrocyte pellet twice with isotonic saline. Reserve an aliquot of the final pellet for cell counts, cell sizing, and determination of Hb concentration. Transfer 0.5 mL of the pellet to a tube containing 0.5 mL of concentrated HNO3 and let sit overnight.Before measuring the Mg and Zn 
Standards
We prepared standards for the samples from a stock solution containing both Mg and Zn (from Sigma's certified reference solutions of Mg and Zn) in water. Final concentrations of the standards were 0, 10, 50, 100, and 300 pg/L for Zn, and 0, 10, 100, 200, and 600 pg/L for Mg. We also 
Results
We observed matrix effects with the standard curves only when the concentration of HNO3 exceeded 1 mol/L. The slopesof the standard curves for Mg and Zn were similar for standards prepared in water, 0.5 mol/L HNO3, and 1 mol/L HNO3 solutions (Figure 1) .
The within-run precision data for Mg and Zn, obtained by analyzing six replicate samples from six different individuals for each procedure, are presented in Table 1 . The CVs ranged from 2.2 to 3.0% for Mg and from 2.7 to 5.4% for Zn. Differences among the methods for within-run precision were not statistically significant; however, inter-individual variation was quite great.
To assessthe precision (reproducibility) of the analytical methods, we used at least six samples from one blood specimen, treating these as individual samples, for specimens from at least six individuals. All CVs were <5% ( Table 1) . The large standard deviations around the mean are the result of inter-individual differences. Table 2 gives the analytical recovery of Mg and Zn added to triplicate samples from at least six individuals for each method. The Mg or Zn was added to-the initial 1.5-mL aliquot of water or HNO3 for the indirect methods,and to the erythrocyte pellet before digestion for the direct method. The means before addition represent values obtained for the samples with no added Mg or Zn. CVs for the analyticalrecovery data ranged from 1.1 to 5.5%.
In examining differences between methods, we assayed samples from 10 individuals, both men and women, by each of the three methods. 2.1), and 36.7 (1.5) , respectively.
We evaluated agreement among the three methods by calculating the ratio of values from paired samples for each of the methods. Figure 3 shows the mean ratios, expressed as a percentage. For both cations, the HNO3 and the pellet methods gave virtually identical ratios: 100.1 and 102.5% for Mg and Zn, respectively. The two indirect methods for Zn showed the poorest agreement,valuesfrom the water method being only 85.2% (SEM 6.1%) as large as thoseby the HNO3 method. For both Mg and Zn, the water method yielded significantly lower values than did the other two methods. 
Discussion
Field studies and surveys are often used for collecting data in nutritional assessment studies, but they have several limitations, particularly in terms of the availability of equipment commonly used in laboratory studies. When multiple bloodsamplings are involved, procedures requiring minimal processing time and sophisticated supplies and equipment are desirable, but are not practicable for field studies. Further, many biochemical procedures require a minimal time period between sample collection and sample processing, an interval that must be strictly adhered to.
Direct measurement of Mg and Zn in erythrocytes requires special supplies and is time consuming. As we have shown here, however, the indirect measurement of erythrocyte Mg and Zn, a simple and rapid technique, is reliable, reproducible, and accurate, and it could be used satisfactorily for field studies or other population surveys. In addition, the time required for processing samples after thawing is minimal for the indirect methods; this makes it an even more desirable procedure.
As yet, no studies have been conducted to determine whether the indirect methods (10) and direct methods (1,3, 4, 12-15) yield similar values for Zn. Here we have demonstrated that values obtained from digesting whole blood in 2 mol/L HNO3 agree with values obtained by digesting the erythrocyte pellet in concentrated acid. Further, the mean (± SD) values we obtained are similar to those in the literature, which range from 31.9±3.9(13) to 43.8 ±0.5 ,ug/ g Hb (15) . In addition, the methods allowed clinically useful discrimination. For example, we had previously found that erythrocyte Zn was significantly less in hyperthyroid patients than in euthyroid controls (to be published), regardless of the method used. Finally, the within-run precision, reproducibility, and analytical-recovery data were acceptable for both methods.Thus,the indirect method with 2 mol/ L HNO3 and the direct pellet method are both valid for use by researchers or clinicians in assessing erythrocyte Zn.
In contrast to Zn, indirect methods of measuring erythrocyte Mg, by using either acid or water to lysethe erythrocytes in whole blood, are common (2, 9-11), with values usually expressed as miuiequivalents per liter of packed cells. Our results, when expressed in that fashion, were similar to those reported in the literature (2, 9) . Direct methods are alsoused (1,2), again with various methods of expression. Reported values of 3.63 to 6.42 .&g/106 cells in the literature agree with those we determined. In one early study, Wallach et al. (2) compared values obtained by an indirect and direct method, and found that the indirect method yielded values 107.6% of those by the direct method, slightly greater than the 101.1% we found. However, the methodologies and reagents they used were different from those in our study, and reliabifity and reproducibility data were not reported.
Available data show a fairly wide variation in the mineral content of erythrocytes (17,18). Although the direct method is considered to be more nearly accurate (17,19), some have speculated that part of the observed variability may be due to the distribution of cells in the erythrocyte pellet (17) . Nucleated erythrocytes and reticulocytes, cells known to have higher concentrations of Mg than do mature erythrocytes, would be distributed at the top of the pellet (20) . Thus, the Mg content of a specimen could be affected by the cell-size distribution of the final aliquot used for analysis. In this study, we inspected volume distributions from multiple aliquots of the same sample and found that the volume distribution and mean cell volume were similar for each aliquot. Thus, unequal sampling distribution is not a serious problem. Similarly, Valberg et al. (18) were unable to find a correlation between mean cell volume and the amount of Mg or Zn per cell. They noted that the difference between the cell sizes of the uppermost and lower layers was only 1.2%, and that there were no differences in the mineral content at the different levels of the packed cell mass. Their values for erythrocyte Mg and Zn are similar to those we found.
In sunlmnry, the results of this study are evidence that the direct method and the indirect HNO3 method of measuring erythrocyte Mg and Zn yield similar values. The indirect method in which water is used to lysethe erythrocytes in whole blood yields substantially lower values than do the other methods, although the method is technically reliable and reproducible. Because the indirect HNO3 method and the direct pellet method do yield similar values, the former can be used by the researcher or clinician to assesserythrocyte Mg or Zn, or both, in the field. It is rapid, simple, and requires no unusual supplies or equipment.
